Abstract I review first some theoretical motivations for violation of Lorentz and/or CPT Invariance. Although the latter symmetries may be violated in a quantum gravity setting, nevertheless there are situations in which these violations are due to a given classical background geometry that may characterised early epochs of our Universe, and in fact be responsible for the observed dominance of matter over antimatter in the Universe. In this way I estimate some of the coefficients of the Standard Model Extension (SME), which is a framework for a field theoretic study of such a breakdown of fundamental symmetries. Then I describe briefly some tests of these symmetries, giving emphasis in low-energy antiproton physics and electric dipole moment measurements, of interest to this conference. I also mention the rôle of entangled states of neutral mesons in providing independent measurements of T(ime reversal) and CP Violation, thus providing independent tests of CPT symmetry, as well as novel ("smoking-gun" type) tests of decoherence-induced CPT violation, which may characterise some models of quantum gravity.
Lorentz & CPT Violating Geometries in the Early Universe: The simplest example of such a geometry, is provided [2] by an extension of the gravitational sector of the standard model to include a Kalb-Ramond (KR) antisymmetric tensor field of spin 1, B µν = −B ν µ . Such extensions, arise naturally in the low-energy limit of string theories, where the field B µν is the spin-one member of the massless gravitational multiplet of the string, the other two being the spin-zero (dilaton) and spin-two (graviton) fields [3] . There is an abelian gauge symmetry characterising string theories, which persists in the effective low-energy local field-theory, namely B µν → B µν + ∂ [µ θ ν] , where [µ, ν] denotes proper antisymmetrization of the indices. This invariance implies that the KR tensor appears in the effective field theory only through its field strength H µνρ = ∂ [µ B νρ] . In four dimensional space-times, obtained after appropriate compactification of the extra dimensions, the H tensor can be expressed in terms of a pseudo scalar field b(x) (KR "gravitational axion") H µνρ = ε µνρσ ∂ σ b(x) , µ, ν, . . . = 0, . . . 3, where ε µνρσ is the totally antisymmetric symbol in four space-time dimensions. It can be shown that the field strength H µνρ plays a rôle analogous to a totally antisymmetric torsion, entering through a is the torsion. Using general covariance, the four-dimensional Lagrangian L f for a spin-1/2 Dirac fermion ψ in this background can be cast in the form: 
above we have kept the space time curved since we are interested in situations pertaining to the early Universe where space-time may be non flat. In fact one may consider the Robertson-Walker background in the presence of the KR torsion.
We observe from (1) that the non trivial background has the effect of inducing an 'axial' background field B a that has two contributions: one comes from the space-time curvature itself, and is proportional to derivatives of the villeins. This part vanishes for Robertson-Walker space times, but is known to be non-trivial in certain anisotropic space-time geometries, such as Bianchi-type cosmologies or in regions of space-time near rotating (Kerr) primordial black holes [4, 5, 6] . The other contribution is proportional to the torsion, e bλ Γ λ ν µ e ν c e µ a , and is non trivial in the presence of the KR field even in flat or Robertson-Walker space times. In fact, for a Robertson-Walker cosmological background, it can be shown that an exact solution in string theory [7] necessitates a KR "axion" background which is linear in the cosmic time t, thereby implying a constant B 0 background vector field in the comoving observer's frame of the expanding Universe.
The magnitude of the vector B 0 depends on several parameters of the microscopic theory, among which the string scale. Essentially, it is a phenomenologically parameter, which may be substantially larger than the Planck scale. For constant B d vector, of which the constant B 0 vector in the case of H-torsion is a special case, the effective fermionic lagrangian (1) falls into the category of the simplest extensions of the standard model (SME) [8] , with a Lorentz and CPT violating fermion-axial vector interaction, the so-called b µ -vector in the SME formulation :
For our purposes we note that the terms proportional to a µ and b µ violate both Lorentz and CPT symmetries, unlike the c µν , d µν and H µν terms that violate only Lorentz symmetries. Analogous observations can be made for the various terms inside the Γ µ structure of (2) . In the next section we shall discuss some phenomenological consequences of some of the above coefficients, especially in the context of neutral mesons, forbidden transitions in (anti)hydrogen molecules or atomic dipole moment measurements. At this point we would like to discuss in a bit more detail the important cosmological consequences of the H-torsion-induced b 0 nackground vector, which would also allow for some estimates of its value in the early Universe geometries. To this end, we remark, following the analysis in [2] , that the presence of a constant (in a given frame) B 0 in (1) affects the dispersion relations of fermions, which are different from those of antifermions by terms of order B 0 , thereby leading to induced CPT violation. This, in turn, leads [2] to different populations between fermions and antifermions in the early universe, already in thermal equilibrium. In the model of [2] , it is the massive right-handed (Majorana) (MRH) neutrinos that occur in extensions of the standard model, which oscillate between themselves and the corresponding antineutrinos, as a result of the presence of the (CPT Violating) B 0 background [6] , and which provide the chemical equilibrium (CP Violating) processes. The MRH dispersion relations are: E = (p) 2 + m 2 +B 0 , E = (p) 2 + m 2 −B 0 , where E denotes the energy and the barred quantities refer to antiparticles. The oscillations freeze out at a given temperature T d , which implies that below such temperatures, there will be a (frozen) difference of the populations of MRH neutrinos/antineutrinos, proportional to B 0 , which in turn will lead, through appropriate decays, to Lepton number violation
This is eventually communicated to the baryon sector via B-L conserving sphaleron processes, to produce the observed baryon asymmetry of O(10 −10 ), provided B 0 ∼ 0.1 GeV, T d ∼ 10 9 GeV. These values depend on the details of the model, which will not be given here [2] . At T d the Universe is assumed to undergo a phase transition to B 0 = 0 or to a much smaller value B 0 , that may survive until the present era. In the latter case it can be constrained by the phenomenology of the SME, which we shall consider in the next section. In particular, if a small B 0 survives today in the Robertson-Walker (or Cosmic-Microwave-Background (CMB)) frame, then in any boosted frame, with a velocity γ v with respect to that frame, one would also obtain a spatial background vector γ v B 0 which can be constrained by precision atomic spectroscopy in both atoms and antiatoms, or comparison between the two, as we shall discuss in the next section. Quantum-Gravity-Induced Lorentz and/or CPT Violation: Before doing so, I would like to make the important remark that SME low-energy models may arise also as a result of quantum fluctuations of space time at microscopic (Planck) scales. The sensitivity of various experiments to the so-called Physics at the "Planck scale", that is the energy scale at which quantum gravity phenomena are expected to set in, is highly model dependent. For instance, in the modern version of string theory [3] , which is one of the most popular and thoroughly worked out theoretical frameworks of Quantum Gravity, the quantum gravity scale may not be the familiar one of Planck energy M P = 1.2×10 19 GeV. The string mass scale, M s , where quantum gravity phenomena take place in the higher-than-four-dimensional space times of string theory, is essentially unconstrained theoretically at present, and may be as low as a few TeV. This prompted the excitement for searching for effects of extra dimensions at the Large Hadron Collider (LHC), which has been recently launched at CERN. However, even if the scale of quantum gravity is as high as M P ∼ 10 19 GeV, nevertheless there may be predictions that affect the physics at lower scales, especially in models in which the quantum gravitational interactions behave as a 'medium' (environment) in which ordinary matter propagates. The medium idea for quantum gravity is primarily due to J.A. Wheeler [9] , who visualized Space-time at length scales near the Planck length P ∼ 10 −35 m as having a "foamy" structure, that is containing singular quantum fluctuations of the metric field, with non trivial topologies of microscopic size, such as virtual black holes etc. These (defect) space-time structures may induce the breakdown of fundamental symmetries, in particular local Lorentz invariance and/or CPT symmetry.
The reader should bear in mind that in a model we may have Lorentz-invariance violating effects, but without any CPT Violation in the Hamiltonian [10] . An example is provided by the so-called non-commutative field theory models. In some of them, one can argue [11] that their low-energy continuum space-time description corresponds to effective field theories of the form encountered in the so-called standard model extension of Kostelecky and collaborators [10] but with only Lorentz violating higher-dimensional operators, while CPT appears unbroken by the effective lagrangian. On the other hand, if CPT is violated, then both Lorentz-and CPT -symmetry violating effects are present. This seems to be a general consequence of the axiomatic proof of CPT theorem in flat space time models [12] , which requires Lorentz-covariant off-shell correlation functions in a relativistic field theory setting. Note however the counterexample of ref. [13] , in which Lorentz invariant CPT Violation has been demonstrated in non-local field theory models where a transfer matrix is not well defined (which was one of the main assumptions of the theorem of [12] ).
In this talk, I will concentrate mainly on the breakdown of the CPT symmetry. As we have seen above, the latter may be induced either by a (Lorentz violating) background space-time describing the Early universe, or by quantum effects of the vacuum including gravitational fluctuations. In the latter case, there are two ways by which CPT breakdown is encountered in a quantum gravity model. The first is through the non commutativity of a well-defined quantum mechanical CPT operator (which generates the CPT transformations) with the Hamiltonian of the system under consideration. This is the breakdown of CPT symmetry dealt with in standard Lorentz-violating Extensions of the Standard Model (SME), mentioned above [10, 12, 11] . In the second way of CPT breaking, the CPT operator is illdefined as a quantum mechanical operator, but in a perturbative sense to be described below. This ill-definition is a consequence of the foamy structure [9] of space time, whereby the quantum metric fluctuations at Planck scales induce quantum decoherence of matter propagating in such backgrounds. For such cases, the particle field theoretic system is simply an open quantum mechanical system interacting with the "environment" (or "medium") of quantum gravity.
The feature of an ill-defined CPT operator in such cases is of a more fundamental nature than the mere non commutativity of this operator with the local effective Hamiltonian of the matter system in Lorentz-symmetry violating SME models. In the cases of quantum-gravity induced decoherence the very concept of a local effective Lagrangian may itself break down. R. Wald [14] has elegantly argued, based on elementary quantum mechanical analysis of open systems, that the CPT operator cannot exist as a well-defined quantum mechanical operator for systems which exhibit quantum decoherence, that is they are characterised by an evolution of initially pure quantum mechanical states to mixed ones, as the time elapses. This was interpreted as a microscopic time arrow in quantum gravitational media, which induce such decoherence, that is a fundamental T violation unrelated to CP properties. We term this phenomenon "intrinsic CPT violation". As a result of the weak nature of quantum gravitational interactions, the ill-definition of the CPT operator is perturbative in the sense that the anti-particle state still exists, but its properties, as compared to the corresponding particle state, which under normal circumstances would be connected by the action of this operator, are modified. The modifications can be perceived [15] as a result of the dressing of the (anti-)particle states by perturbative interactions expressing the effects of the medium. In such an approach, the Lorentz symmetry aspect is disentangled from the CPT operator ill-defined nature, in the sense that Lorentz invariance might not be necessarily violated in such systems (we note that Lorentz-invariant decoherence is known to exist, in the sense of decohered systems with modified Lorentz symmetries, though, to take proper account of the open-system character [16] ).
An interesting question, of experimental interest, concerns the possibility of the observer to prepare decoherent-free subspaces in such quantum-gravity entangled systems. If such a possibility could be realized, then one would have a "weak form of CPT invariance" characterising the system [14] , in the sense that the ill-defined nature of the fundamental CPT operator would not show up in any physical quantities measured in Nature, in particular scattering amplitudes. Although, theoretically, such a possibility is still not understood, nevertheless the question as to whether there are decoherence-free subspaces in quantum-gravity foam situations can be answered experimentally, at least in principle. It is also among the points of this review to tackle this issue by discussing the effects of this "intrinsic CPT violation" in entangled states of mesons in meson factories. As argued in [17] , the perturbatively ill-defined nature of the CPT operator implies modified Einstein-PodolskyRosen (EPR) correlations among the entangled states in meson factories, which are uniquely associated with this effect and can be disentangled experimentally from conventional background effects. We termed this effect ω-effect. My point is that, although in general there seems to be no single figure of merit for CPT Violation, as this is a highly model-dependent issue, nevertheless, these EPR correlation modifications, if true, may constitute "smoking-gun" evidence for this particular type of CPT violation and decoherence in Quantum Gravity.
The structure of the remainder of the talk is as follows: in section 2, I describe some selected tests of Lorentz and CPT Violating extensions of the standard model, using antimatter factories or atomic dipole moments, of interest to this conference. Then I proceed, in section 3, to a discussion on the rôle of entangled meson states as accurate probes of discrete symmetries, CP, T and CPT, giving emphasis on novel tests for Time Reversal (T) Violation measurements, independent of CP and CPT, and the novel ω-effect associated with a potential quantum-gravity-decoherenceinduced CPT Violation. Conclusions and outlook are presented in section 4.
SME Tests using antimatter factories and atomic dipole-moment measurements
Currently there exists an exhaustive literature for Standard Model Extensions (SME) in the fermion sector [10, 18] (2), in the sense of writing down the most general Lorentz-(LV) and/or CPT-Violating (CPTV) terms which can produce interesting effects in delicate atomic physics precision experiments or antimatter factories, and from the non-observation of the respective terms one can place stringent upper limits to the various coefficients. There is a plethora of tests, ranging from atomic spectroscopy in both matter and antimatter systems and atomic dipole moment measurements to neutrino oscillations, by which the SME coefficients can be bounded. In addition to such fermion-only theories, one has considered LV-and/or CPTV Extensions of the Standard Model in the gauge, scalar and fermion sectors, where higher-dimension (five) field operators that violate Lorentz symmetry and/or CPT have been classified fully [19] . The main assumption behind the form of such operators is that an unknown physics at high energy scales could lead to a spontaneous breaking of Lorentz invariance by giving an expectation value to certain tensorial fields, which are not in the Standard Model (SM) spectrum [10] . The interaction of these fields with operators composed from the SM fields, which are fully Lorentz-symmetric before the spontaneous breaking, will manifest itself as effective LV terms, which below the scale of the LV condensation would have the schematic form:
where C µν... is an external field that undergoes condensation and O SM is a SM field operator that transforms properly under the Lorentz group. The classification of [19] requires that the independent dimension-5 operators must be gauge invariant, Lorentz invariant after contraction with the background tensors C µ 1 µ 2 ... , not reducible to total derivatives or to lower-dimension operators by the use of equations of motion, and they should couple to an irreducible background tensor. Several experiments, of diverse origin, can be used in order to impose stringent constraints on the relevant SME coefficients, that range from searches for forbidden atomic transitions in precision experiments and studies of low-energy antiprotonic atoms and antimatter factories, to high-energy cosmic rays, nuclear spin precession and atomic and nuclear Electric Dipole Moments (EDM) measurements, as well as data on neutrino oscillations.
In this section, we shall review briefly the current bounds on some SME coefficients coming from antimatter atomic transition spectroscopy and EDM. We commence with SME tests in antiprotonic atoms [18] , in particular antihydrogen (H) of great interest in this conference. Motivated by the theoretical microscopic models of section 1, I shall restrict myself for the purposes of this talk to constraining the b µ coefficients of the SME (2) using spectroscopy, in particular looking for forbidden transitions, e.g. 1s → 2s . Within H spectrocopic measurements, the presence of a b µ coefficient in the SME (2) leads to the relevant transition of the electron in the H atom. The sensitivity of the tests depend crucially whether the atoms are free or trapped in an external magnetic field. In the case of free H (and H), the frequency shift of the 1s-2s transition is a higher-loop quantum effect in the SME/QuantumElectrodynamics (QED) lagrangian, and thus the effect is suppressed by the square of the fine structure constant, α 2 : δ 1s−2s ν H −α 2 b e 3 /8π, i.e. the pertinent sensitivity of such experiments would be about five orders of magnitude smaller compared to tests involving the corresponding transitions in trapped H and H. However, in the latter tests, the corresponding frequency shifts are proportional to the difference b e 3 − b p 3 of the third spatial component of b µ between electrons (e) and protons(p) (in a frame where the direction of the external magnetic field is along the z axis). In view of the universal character of B µ vectors due to background space-time geometries discussed in section 1, for this model the above difference would vanish. To cover ourselves against such cases, it is therefore imperative to either measure the sum of the coefficients b e,p µ , or isolate them experimentally. The former can be achieved by examining hyperfine structure transitions in atomic (anti)matter. Indeed, within 1s transitions of H or H, one can determine the relevant energy shifts induced by b µ [18] :
where the . . . denote contributions from the rest of the SME coefficients (2), which are not written explicitly here. Hyperfine transitions within the 1S level of H can be measured with accuracies exceeding 1 mHz in masers. So transitions of this type in trapped H and H are interesting candidates for performing tests of Lorentz or CPT symmetry, although to achieve resolutions of 1 mHz in trapped antihydrogen does not seem feasible in the foreseeable future.
Another possibility would be to measure [18] radio-frequency transitions between states within the triplet of hyperfine levels in H and H, in particular the so called d 1 → |c 1 transition at external magnetic fields of order B 0.65 Tesla. The corresponding frequency shifts depend solely on b p 3 :
where we took into account that under the action of CPT operation, which exchanges H and H, the coefficient of the b p 3 changes sign. Thus, comparison of the above spectroscopic measurement between trapped H and H would yield immediately a bound (or a value !) on b p 3 . If a frequency resolution of 1 mHz could be attained (which at present is far from being plausible), then, one could obtained |b p 3 | ≤ 10 −27 GeV. Still such bounds are about four orders of magnitude smaller that the ones coming from masers. We also note that, although, clock-comparison experiments are able to resolve spectral lines to about 1 µHz, nevertheless, isolating b p i is very complicated due to the complex structure of the nuclei involved.
The above experiments are sensitive only to spatial components of Lorentzviolating couplings. Sensitivity to timelike couplings, b 0 , would require appropriate boosts. On the other hand, in the context of the model (1) of section 1, such experiments can bound the combinations γv 3 B 0 , where v is the current-era relative velocity of us (as local observers) with respect to the CMB (or Friedmann-RobertsonWalker) frame.
Next we describe the situation governing the constraints on the relevant dimension-5 terms of the SME lagrangian coming from EDM. These are generically found to be of order [19] ≤ 10 −25 e cm. The overall expression for the total EDM, due to the CP Violating conventional QED terms and the CPT Violating terms due to the presence of an appropriate Lorentz-violating background vector n µ , is obtained from the effective Lagrangian
where F µν is the Maxwell field strength. The currently null result on the neutron dipole moment imposes the constraint d CP + d CPT = 0. The lagrangian (7) should be completed with the a µ and b µ SME terms (2), as well as the appropriate dimension-5 operators from the QED sector of the SME [19] :
whereF µν is the dual of the Maxwell tensor. The various terms in (8) have different transformation properties under the action of the discrete symmetries C, P and T, which, together with the corresponding terms of (2), are indicated in figure fig. 1 , on the assumption that the vector backgrounds are time-like and invariant under C,P and T reflections [19] . Fig. 1 Tranformation properties of the various terms in (8) under the action of the discrete symmetries C, P and T. A + indicte even and a -odd. From ref. [19] .
Experimentally [20] , one can disentangle CP-odd from CPT-odd operators, because of different suppression scales. Specifically, the former require helicity flip and are thus represented by dimenion-six operators in the SME effective lagrangian, with suppression by the CP breaking scale of order 1/Λ 2 CP . Such operators imply spin precession in a magnetic field relative to the direction of B × v. On the other hand, the CPT-odd operators are of dimension 5, as they do not require helicity flip, e.g. in the quark sector such operators are of the form q R(L) γ ν γ 5 F ν µ q R(L) , and q L γ ν γ 5 F a ν µ τ a q L , where τ a , a = 1, 2, 3 are the SU(2) generators of the weak interaction standard model group, and F µν and F a µν are the U(1) and SU (2) In general, theoretical estimates of dimension-three operators induced by multiloop CP violating corrections in the standard model, imply the following bounds of the SME coefficients in (2) [20] 
providing sensitivity to d µ ≤ 10 −12 GeV −1 and thus Λ CPT ∼ 10 11 − 10 12 GeV.
Higher Lorentz-violating background tensors, e.g. terms in SME effective lagrangian of the form D µνρ e γ ρ γ 5 e F µν can also be bounded experimentally with high accuracy, by looking [20] for corrections to the spin precession frequency of the form
, which changes sign under the reversal of the electric field E i . The relative signal changes during the day as a result of the change of the Laboratory orientation relative to the tensor background. We close this section by mentioning the interesting suggestion of ref. [21] on further tests of CPT symmetry due to the CPT-odd axial vector background b µ , which has been of interest to us in section 1. According to this work, within the framework of Lorentz-violating extended electrodynamics, the Dirac equation for a bound electron in an external electromagnetic field has been considered, assuming the interaction with the background field b µ . A Foldy-Wouthysen quasi-relativistic (1/c)-series expansion (truncated to order 1/c 2 ) has been applied to obtain an effective Hamiltonian for the hydrogen atom and through this the relativistic Dirac eigenstates in a spherically-symmetric potential to second order in b 0 . The b 0 -induced CPT-odd corrections to the electromagnetic dipole moment operators of a bound electron have been calculated. Such corrections contribute to the anapole moment of the atomic orbital and may cause a specific asymmetry of the angular distribution of the radiation of a hydrogen atom, in particular the 2p 1/2,1/2 → 1s 1/2,−1/2 (cf. fig. 2 ). The non-observation currently of such asymmetries leads to bounds of the magnitude of |b 0 |: |b 0 | ≤ 2 × 10 −8 m e c 2 10 −11 GeV, which are consistent with the general bounds for the SME coefficient b µ for electrons [10] b 0 ≤ 0.02 eV and |b| ≤ 10 −19 eV. Such tests may also be performed in man-made antihydorgen or other anti-atoms, with the aim of providing direct comparison of CPT properties and thus tests of CPT invariance.
Finally we mention that, further tests of CPT invariance can be made by direct measurements of particle antiparticle mass and charge differences, which we are not going to discuss here. However, in the spirit of our cosmological model discussed in section 1, we do mention that, if the observed matter/antimatter asymmetry were due to a mass difference between particle and antiparticles, then, one may make the reasonable assumption that baryogenesis could be due to mass differences between quarks and antiquarks [22] . The latter nay depend linearly with temperature, m q (T ) ∼ gT , as a consequence of known high-temperature properties of Quantum Chromodynamics (QCD). Furthermore, it is reasonable (although not strictly necessary) to assume that the quantk-antiquark differences today are bound by the current bound on proton-antiproton mass difference, which is of order 7 × 10 −10 GeV, as provided in 2011 by the ASACUSA Collaboration [23] . Scaling back in temperature such differences, up to the respective decoupling temperature of the quarks, lead to baryon asymmetries that are much smaller than the observed one [22] . In this sense the model of [2] can still survive, given that, even if a B 0 < 0.02 eV is observed today, according to the current SME limits, the Universe may have undergone such a (or series of) phase transition at T ∼ 10 9 GeV towards a smaller (or zero) H-torsion background. This is an (crude) example of how one can use current SME bounds to fit early universe cosmologies.
Testing Fundamental Symmetries in Entangled Meson Factories
In this section we move onto a discussion of CPT-Violating terms in the SME and beyond (namely, quantum gravity-decoherence induced situations that cannot be described as local effective field theories) in facilities involving entangled states of neutral mesons, such as neutral Kaon(Φ) factories [24] or B − B meson factories [25] . We commence our discussion by briefly mentioning direct tests of Time reversal invariance within the Lorentz invariant standard model theory, using entangled neutral mesons, independently of CP and CPT violation. These have been initially proposed in [26] , leading to the recent observation of direct T violation by the BaBar collaboration [25] , through the exchange of initial and final states in transitions that can only be connected by a T -symmetry transformation. For example, the transition B 0 → B − for the second B to decay, at time t 2 , once the first B (entangled with the second) has been tagged at time t 1 , is identified by reconstructing events in the time-ordered final states ( + X, J/ψ K 0 s ). The rate of this transition is then compared to that of the B − → B 0 transition, that exchanges initial and final states, which is identified by the reconstruction of the final states (J/ψ K 0 L , − X). Any observed difference between these two rates, would thus indicate direct observation of T violation, independent of CP properties. This would also imply an independent test of CPT symmetry within the standard Model. Similar tests of T violation in entangled Kaon Φ factories have also been suggested [27] , by identifying the appropriate reactions that exchange initial and final states.
However, if CPT is intrinsically violated, in the sense of being not well defined due to decoherence [14] induced by quantum gravity [28] , the above-mentioned direct observation of T violation cannot constitute a test of decoherence-induced CPT breaking. This is because in such a case a distinct phenomenon, associated with the ill-defined nature of CPT operator, emerges, termed ω-effect [17] .
Let us concentrate for simplicity to the neutral Kaon system, where the effects as we shall see are dominant, although conceptually our analysis applies equally [29] to entangled B-meson factories as well, such as those of [25] . In a quantum-gravity induced decohered situation, the Neutral mesons K 0 and K 0 should no longer be treated as identical particles. As a consequence [17] , the initial entangled state in Φ factories |i >, after the Φ-meson decay, assumes the form:
, where ω = |ω|e iΩ is a complex parameter, parametrizing the intrinsic CPTV modifications of the EPR correlations [17] . The ω-parameter controls the amount of contamination of the final C(odd) state by the "wrong" (C(even)) symmetry state. The appropriate observable (c.f. fig. 3 ) is the "intensity" I(∆t) = ∞ ∆t≡|t 1 −t 2 | |A(X,Y )| 2 , with A(X,Y ) the appropriate Φ decay amplitude [17] , where one of the Kaon products decays to the final state X at t 1 and the other to the final state Y at time t 2 (with t = 0 the moment of the Φ decay). It must be noticed that in Kaon factories there is a par- ticularly good channel, the one with bi-pion states π + π − as final decay products, which enhances the sensitivity to the ω-effect by three orders of magnitude. This is due to the fact that the relevant terms [17] in the intensity I(∆t) (c.f. fig. 3 ) contain the combination ω/|η +− |, where η +− is the relevant CP-violating amplitude for the π + π − states, which is of order 10 −3 . The KLOE experiment has just released the first measurement of the ω parameter [24] : Re(ω) = −2.5
At least an order of magnitude improvement is expected for upgraded facilities such as KLOE-2 at (the upgraded) DAΦNE-2 [24] . This sensitivity is not far from certain optimistic models of space time foam leading to ω-like effects [15] .
In B-factories one can look for similar ω-like effects. Although in this case there is no particularly good channel to lead to enhancement of the sensitivity, as in the Φ-factories, nevertheless one gains in statistics, and hence interesting limits may also be obtained [29] . The presence of a quantum-gravity induced ω-effect in B systems is associated with a theoretical limitation on flavour tagging, namely the fact that in the absence of such effects the knowledge that one of the two-mesons in a meson factory decays at a given time through a flavour-specific channel determines unambiguously the flavour of the other meson at the same time. This is not true if intrinsic CPT Violation is present. One of the relevant observables [29] is given by the CP-violating semi-leptonic decay charge asymmetry (in equal-sign dilepton channel), with the first decay B → X ± being time-separated from the second decay B → X ± by an interval ∆t. In the absence of ω-effects, the intensity at equal decay times vanishes, I sl ( ± , ± , ∆t = 0) = 0, whilst in the presence of a complex ω = |ω|e iΩ , I sl ( ± , ± , ∆t = 0) ∼ |ω| 2 . In such a case, the asymmetry observable exhibits a peak, whose position depends on |ω|, while the shape of the curve itself depends on the phase Ω [29] . The analysis of [29] , using the above charge asymmetry method and comparing with currently available experimental data, leads to the following bounds: −0.0084 ≤ Re(ω) ≤ 0.0100 at 95% C.L.. Such tests for intrinsic CPT violation may be performed simultaneously with the above-mentioned observations of direct T violation, as they are completely independent.
Before closing we would also like to point out that an observation of the ω-effect in both the Φ and B-factories could also provide an independent test of Lorentz symmetry properties of the intrinsic CPT Violation, namely whether the effect respects Lorentz symmetry. This is because, although the Φ particle in neutral Kaon factories is produced at rest, the corresponding ϒ state in B-factories is boosted, and hence there is a frame change between the two experiments. If the quantum gravity ω-effect is Lorentz violating, as it may happen in certain models [15] , then a difference in the value of ω between the two experiments should be expected.
Finally, since we mentioned Lorentz Violation, we also point out that bounds of the LV SME coefficients a µ (cf. eq. (2)) can be placed by measurements in the entangled Kaon Φ factories [24] . In particular by adopting the relevant SME terms to the quark sector, relevant for Kaon physics, one can bound differences ∆ a µ = a µ q 1 − a µ q 2 , where q i , i =, 2 denote appropriate quark states. The current experimental limits for the coefficients ∆ µ a are: from the KTeV Collaboration ∆ X , ∆ a Z < 9.2 × 10 −22 GeV, while from the the KLOE Collaboration in the DaΦNE Φ factory [24] are less competitive but with the advantage that entangled meson factories have sensitivity to all four coefficients ∆ a µ , in particular: ∆ a 0 = (0.4 ± 1.8) × 10 −17 GeV, from KLOE, with expected sensitivity at KLOE-2 in upgraded DAΦNE facilties for ∆ a X,Y,Z = O(10 −18 ) GeV. Unfortunately, entangled meson factories have only sensitivity to differences ∆ a µ rather than absolute coefficients a µ . Of course, if gravity acts universally for all quark species, such differences may be zero.
Conclusions
In this work I have motivated microscopically the existence of some of the SME coefficients that may violate CPT and Lorentz symmetry. In particular, I argued that the presence of Lorentz and CPT Violating geometries in the early universe, rather than quantum gravity, may be responsible for the emergence of b µ -like axial vector SME backgrounds. Such vectors may be even responsible for the observed matter/antimatter asymmetry in the Universe. From this perspective, having small remnants of such vector backgrounds today is a not so unrealistic possibility, given that the Universe may have undergone a phase transition at a certain temperature during an early era. Hence, it makes perfect sense to search for or bound such SME coefficients by precision atomic spectroscopy or other methods, such as EDMs, including comparison of the relevant properties of matter with antimatter, especially now that we have available man-made antimatter.
In this talk I reviewed some of the above tests, with direct interest to this conference, including a brief discussion on direct observations of T violation in entangled particle states, independently of CP properties. In addition I discussed a novel phenomenon that may characterise certain quantum gravity models, namely "intrinsic CPT violation" as a result of the fact that, due to the associated decoherence of matter propagating in a quantum space-time foam environment, the CPT operator is perturbatively ill-defined: although the anti particle exist, nevertheless the properties of the CPT operator when acting on entangled states of particles lead to modified EPR correlators. Such modifications imply a set of well-defined observables, which can be measured in current or upcoming facilities, such as Φ or B-factories.
The signatures of quantum-gravity induced decoherence in entangled states of mesons are rather unique, and in this sense they constitute "smoking-gun" evidence for this type of CPT Violation, if realised in Nature. The other important advantage of such searches is that they are virtually cost free, in the sense that the relevant tests can be performed in facilities that have already been or are to be built for other purposes at no extra cost, apart from minor modifications/adjustments in the relevant Monte-Carlo programmes to take proper account of these quantum-gravity effects.
